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Abstract of EP0405881 

An inspection apparatus for the internal 
inspection of tubular members has a body 1 
adapted for insertion into the tubular member and 
the body has an inspection window 2. A 
projection means including a laser 14 and 
associated reflectives 13, 10 and 9, the reflective 
9 being rotated by a motor 7, is directed such that 
a beam of radiant energy is directed through the 
window to illuminate an axial extending strip of 
the entire 360 DEG interior circumference of the 
tubular member. Light reflected from the tubular 
member passes through the window 2 and is 
reflected by reflective 8 onto a camera 12 which, 
via transmitting circuitry 16 transmits the image 
ring C and the light reflected by the window B 
back to a monitor 51 at the well head and to a 
computer 52 where the data transmitted from the 
camera is correlated with predetermined data 
values to determine damage to the interior 
surface of the tubular member such as ovality or 
corrosion. Where the inspection apparatus is to 
be inserted into a tubular member containing 
liquid, in a feature of the invention, a device is 
provided for cleaning the inspection window and 
for maintaining the inspection window free from 
liquid. Such a device includes a reciprocal axially 
movable cam/wiper ring 29 having an interior 
surface provided with means for cleaning the 
window and an outer surface which is adapted to 
engage with a plurality of spring fingers 18 which 
support a membrane 19. When, in operation, the 
spring fingers are raised by the ring 29 the ring 
cleans the window and in moving axially 
upwardly moves the spring fingers 18 radially 
outwardly to engage with the interior surface of 
the tubular member to be inspected. At 
substantially the same time as the spring fingers 
are raised, an inert gas is directed below the 
membrane so as to form a gas bubble that 
covers the window 2 so that the radiant energy 
has a clear passage from the window the interior 
surface of the tubular member to be inspected. 
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Description 

This invention relates to inspection apparatus 
for internally inspecting tubular members and is 
particularly intended for the inspection of tubular 
members in the field of energy exploration. 

US-A-3,974,330 discloses a bore hole inspec- 
tion apparatus including a video camera for in- 
specting the interior surface of the bore hole. DE- 
B-1 ,068,1 96 also discloses a bore hole inspection 
apparatus in which a camera is provided within a 
tubular member for insertion into the bore and the 
camera is directed to view a mirror and a compass, 
the mirror being inclined at an oblique angle and 
directed through a window in the tubular member. 
The mirror is arranged to be rotated so that the 
camera views the entire 360 * circumference of the 
bore hole. 

In US-A-4,800,104 there is disclosed an in- 
spection apparatus for determining damage such 
as ovality or corrosion caused to the internal sur- 
face of tubular members, especially when the tubu- 
lar members are located downhole, although the 
U.S.A. Patent also discloses apparatus for the ex- 
ternal inspection of tubular members prior to the 
insertion of the members downhole. 

The apparatus disclosed in US-A-4,800,104 re- 
quires a body within which is located a pair of 
lasers which project a beam, via a number of 
reflectors through a window within the body to 
project a 360* strip of radiant energy onto the 
interior surface of the tubular member which, upon 
reflection through the window, is collected and an- 
alysed to determine defects on the tubular member 
interior surface. 

The apparatus disclosed in the aforesaid US-A- 
4,800,104 is suitable for tubular members having 
an internal diameter of 30 inches (76cm) or more 
and because two lasers are required the power 
requirements are significant. 

It is a first object of this invention to provide an 
inspection apparatus which may be used in smaller 
diameter tubular members and in which the power 
requirements of the apparatus are reduced. 

According to this invention there is provided an 
an inspection apparatus for the internal inspection 
of a tubular member including a body having an 
inspection window, said body being adapted for 
insertion into said tubular member, projection 
means for projecting a beam of radiant energy 
through said window to illuminate an axially extend- 
ing strip of the entire interior circumference of said 
tubular member, characterised by means arranged 
to correlate reflected energy from the window with 
reflected energy from the interior surfaces of the 
tubular member for determining damage of said 
tubular interior surface. The damage may be for 
example ovality or corrosion. 



Preferably means are provided for centralising 
said body within said tubular member and advanta- 
geously the projection means includes a rotatable 
reflective means. 

5 The present inspection eliminates the require- 

ment for twin lasers and cameras, line forming 
optics, a number of the reflectives used in the 
forementioned US-A-4,800,104 and requires re- 
duced power consumption, allowing the manufac- 

10 ture of a smaller apparatus without loss of capabil- 
ity. In a preferred embodiment this is achieved by 
locating an energy source directly to the rear of a 
single camera, using surface coated angular reflec- 
tors and adopting angles of incidence to project the 

75 radiant energy beam to an axially central rotating, 
angled, reflector forward of the camera or other 
receptor system. The rotating reflector is conve- 
niently provided with an independent power source 
and provides no restriction to reception of energy 

20 reflected from the tubular member internal circum- 
ference. The replacement of the angled reflectors 
by fibre optic cable between the energy source 
and the rotating reflector is contemplated for cer- 
tain applications to reduce interference at the re- 

25 ceptor and signal output areas, in addition to re- 
ducing heat transfer. 

In this invention a novel use is made of the 
phenomenon of reflective energy from its passage 
through the window to form a perfect ring which 

30 acts as a master for comparison with the reflected 
ring of light from the internal circumference of the 
tubular member. 

In a feature of this invention it is an object to 
provide the ability to inspect a tubular member 

35 internal surface even though said tubular member 
contains fluid. 

Where the inspection apparatus is to be used 
in a tubular member containing fluid, according to a 
feature of this invention an inspection apparatus 

40 adapted to provide means for illuminating an axial 
extending strip of the entire internal circumference 
of the tubular member includes cleaning means for 
cleaning the outer surface of said window and 
means defining an expandable diaphragm located 

45 around said body which is capable of opening 
above, in operation, said window, and means for 
introducing a gas bubble over the exterior surface 
of said window and restrained by said diaphragm, 
whereby in operation the diaphragm is expanded to 

50 contact the interior circumference of said tubular 
member, a gas bubble is formed over said window 
and said window is cleaned by said wiper means 
prior to actuating the inspection apparatus to in- 
spect the tubular member. 

55 Advantageously the cleaning means comprises 

a reciprocal wiper means. 

The feature of this invention ensures clear visi- 
bility from the inspection apparatus even in fluid- 
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filled wells with some absorbency in event of surg- 
ing. 

For the explanation that follows, a laser has 
been considered as the energy beam source and a 
CCD. (Charge Coupled Device) or C.I.D. (Charge 
Injected Device) camera as the receptor, but other 
energy beam sources or receptors nay be used in 
the non-visible range. 

The invention will now be described, by way of 
example, with reference to the accompanying 
drawings in which:- 

Figure 1 shows an inspection apparatus in ac- 
cordance with this invention in which the appara- 
tus is attached by wire line to a well head, and 
in which Figure 1(a) shows the external parts of 
the device and Figur 1(b) shows the internal 
devices within the apparatus. 
Figure 2 show the radiant energy beam forming 
apparatus used in th apparatus of Figure 1 , 
Figure 3 shows the reflected information re- 
ceived by a camera, 

Figure 4 shows the apparatus adapted for use in 
a fluid containing tubular member, Figure 4(a) 
showing the apparatus in one mode of operation 
for lowering into a member and Figure 4(b) 
showing the apparatus in another mode of op- 
eration for scanning the member with the cen- 
tralisers omitted for clarity, 
Figure 5 shows an enlarged detail of part of the 
apparatus shown in Figures 4a and 4b and, 
Figure 6 shows a block schematic diagram of 
the well head monitoring and correlating de- 
vices. 

In the Figures like reference numerals denote 
like parts. 

The apparatus shown in Figures 1(a) and 1(b) 
has a circularly cross-sectioned body 1, generally 
known as a pig, which is formed by an external 
case usually manufactured from pressure and tem- 
perature resistant alloy. Within the casing 1 is a 
viewing port or window 2 which is made from 
special pressure, temperature, and abrasive resis- 
tant clear material such as LEXAN, toughened 
glass or quartz. The window extends around the 
entire 360 • circumference of the body. 

Three equi-circumferentially spaced cen- 
tralisers 3 are provided at the top and bottom of 
body 1 , which are items normally used on pigs to 
ensure that the pig remains centrally located within 
a pipe bore during operation are located about the 
external circumference of the body 1. A sealed 
female connector 4 on the body 1 provides a 
connection for a wire, line from a well head winch. 
The connectors 4 may alternatively be of a male 
type and these connectors are used to carry power 
and control signals. The power may be pneumatic 
or hydraulic as well as electrical and the wire line is 
used to carry signals to and from the body to the 



well head. An eye bolt 5 is provided to connect a 
cable for supporting the body and to control the 
descent and withdrawal of the body from the well 
head (not shown). 
5 The internal parts of the body consist of a 

rechargeable battery pack 6 providing 6V D.C. 
power (although it will be realised by those skilled 
in the art that other voltages, and for that matter 
forms of power, may be provided) and the battery 

w pack is located in the nose cone of the body, 
forward of the viewing window 2. A 6V D.C. high 
speed controlled rotation motor 7 has an output 
shaft on which is provided a nylon or self -lubricat- 
ing bush that permits the shaft to rotate within an 

75 axial hole of an angled, radial surface coated re- 
flective 8. Mounted to rotate with the shaft of the 
motor is a surface coated angular reflective 9 which 
is arranged to receive and transmit an energy 
beam through the window onto an internal wall of a 

20 tubular member 100 to be inspected. A timer (not 
shown) may be associated with the motor 7 for 
permitting a time lapse between the pig being 
entered into a tubular member and inspection be- 
ginning, to thereby permit the body to reach the 

25 required well depth. 

A presenter reflector 10 is aligned so that an 
energy spot received by reflector 10 strikes the 
centre point of the spinning reflector 9. Alternative- 
ly, the presenter reflector 10 may be replaced by a 

30 fibre optic. 

A remote control focussing lens assembly 11 
for camera 12 is provided so that the camera may 
view a reflection ring, provided in operation, on the 
internal circumferential wall of the tubular member 

35 being inspected, the reflection from the viewing 
port 2 being described later herein. The camera 12 
is, preferably, a solid-state type such as CCD or 
C1D and provided with a pixel array for receiving a 
displayed image. 

40 Two surface coated 45* angled reflectors 13 

transfer an energy spot from a helium neon laser 
14 having a telescopic lens reducer downwardly 
then laterally to presenter reflector 10. The path of 
the light beam energy is explained later herein with 

45 reference to Figure 2. Instead of utilising reflectors 
10 and 13 a fibre optic cable may alternatively be 
employed. The laser 14 is controlled by a solid 
state control circuit 15 receiving power input from 
the wire line (not shown) and distributing the power 

so to the remote focussing lens assembly 11, the 
camera 12, the laser 14 and a signal transmission 
circuit 16 and a pressure vessel 17. The signal 
transmission circuit 16 is arranged to receive sig- 
nals from the camera and to convert them and 

55 amplify the converter signals for transmission via 
the wire line to a well head receptor (shown in 
Figure 6). The pressure vessel 17 in the preferred 
embodiment carries inert gas and can provide 
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pneumatic power to provide a viewing bubble at 
the viewing port and to operate a cam/wiper, the 
purpose of which will be fully explained later herein 
with reference to Figures 4(a), 4(b) and 5, and it is 
to be understood that the pressure vessel 17 is not 
required if the apparatus is used in a dry well. 

The apparatus for projecting an axial extending 
strip of light onto the entire interior circumference 
of the tubular member will now be described with 
reference to Figure 2. The path of the energy beam 
from, in the preferred embodiment, a laser 14, is 
directed via the fixed reflectors 13 and 10 to the 
rotating reflector 9; the beam from the laser 14 
being reflected downwards at 90 * by the periscope 
reflectors 13 then onto angled reflector 10. The 
reflector 10 reflects the energy beam onto the 
centre of rotating reflector 9 which is being rotated 
at high speed by the motor 7. The reflector 10 
reflects the beam outwards from the centre, de- 
scribing a ring on the window 2 and outward 
through the window to describe a ring on the 
internal circumference of the tubular member being 
inspected. The centre point, i.e. a point on the axis 
of rotation of reflector 9 is denoted by A, the ring 
reflected from the viewing window 2 is denoted by 
B and the ring reflected from the internal circum- 
ference of the tubular member being inspected is 
denoted by C. 

At this juncture it should be made clear that 
although a laser is preferred as the radiant energy 
producing means, it is, however, envisaged that 
other forms of radiant energy may, in certain cir- 
cumstances, be found desirable. 

The reflected detail from the window 2 and the 
internal circumference of the member being in- 
spected is viewed and reflected by reflector 8 into 
the lens of the camera 10, the point A and rings B 
and C being the rings referred to above with refer- 
ence to Figure 2. The outer diameter described by 
reflector 9 as it rotates is denoted by D. Because 
there is beam deflection in passing through the wall 
of the window, the angle of throw changes slightly 
from the angle of incidence out of reflector 9 and 
the representation shown in Figure 3 illustrates 
what would be seen on a well head monitor 51 . In 
this respect when a spot of concentrated light or 
visible or non-visible energy passes through glass 
or other clear medium, the majority of the energy 
does pass through but the surface of the glass, etc. 
reflects back a portion of energy. Also, the glass, 
or clear medium, slights distorts the energy path 
leaving it, so if this energy is in the visible range 
two separate spots or rings will be discerned and in 
the case where very thick glass, quartz, etc., is 
used, more rings may be noted. The rings reflected 
by the beam outward path are significant because 
these will always form true rings to the centre of 
the body because the spinning reflector 9 is ar- 



ranged to spin centrally, i.e. axially with respect to 
the viewing window so the centre distance to the 
window wall is constant providing a perfect circle 
when viewed by the camera. 

5 The operation of the apparatus shown in Fig- 

ures 1(a) and 1(b) and 2 will now be described and 
it is presumed that the apparatus is to be used in a 
dry tubular member, i.e. a tubular member in which 
fluid such as liquid is absent. A wire line is secured 

10 to connector 4 and a cable connected to eye bolt 
5, power is fed to the body and the control opera- 
tion is checked, the lens focus is checked if remote 
control is set and locked, and if auto-focus is to be 
used then this is checked for appropriate function. 

75 The motorised reflector rotation and laser operation 
are checked and the well head monitor is checked 
for ring reflection definition. The motorised reflector 
timer is set to a required time lapse and the body 
is entered into a tubular member to be inspected 

20 and lowered to the required position or bottom of 
the well. 

From the surface controller, power is fed to the 
control circuit 15 via the wire line, the timer for the 
reflector drive motor 7 permits power to the motor 

25 after effluction of the preset time and reflector 9 
rotates up to operational speed. The laser 14 and 
the camera 12 are now switched on as is the well 
head located monitor for receiving signals transmit- 
ted from transmission circuit 16. The monitor will 

30 show two rings as shown in Figure 3, the outer ring 
C denoting the energy reflected from the tubular 
member internal wall and the ring B denoting the 
inner specular reflection from the viewing window 
2. 

35 Provided that the inner circumference of the 

tubular member being inspected is not damaged 
by, for example, working tools or corrosive action, 
or is not truly circular in cross-section due to 
internal pressure or ovality or reeding and there is 

40 no build up of scale or wax etc., then the reflection 
from the tubular member in a circumference C 
should be concentric with the inner viewed ring B 
providing that the centralisers 3 are maintaining the 
body concentrically within the tubular member. 

45 However, even if the centralisers 3 are not main- 
taining the body coaxially with the tubular member 
being inspected, the axial centre of the body and 
the inner ring relationship is a known dimension 
from which computer software can be used to 

so accurately detect out of round or damage con- 
ditions. 

The axially extending illuminated strip on the 
inner circumference wall of the tubular member 
being inspected and from the window that is pro- 
55 duced by the laser 1 4 is reflected to the camera 1 4 
by the angled reflector 8 which reflector 8, ac- 
tivates, according to light strength, the pixels in the 
camera array. The pixel activity is rapidly read at 
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25 frames per second or more then transmitted via 
circuit 16 to a well head monitor 51 (shown in 
Figure 6) which displays the images shown in 
Figure 3. 

The circuit at the well head includes a terminal 
50 for receiving data transmitted from the pig 
which is transferred via a switch 54 to a VDU 
monitor 51 and/or to a computer 52. The computer 
has a memory store 53 of predetermined data and 
is connected to the monitor 51 and to operate a 
visual or audible alarm 55. 

Each group of activated pixel forming a picture 
on being transmitted up the wire line can be han- 
dled in various ways, for example a video picture 
could be reformatted and put on video tape or disk, 
at the same time putting the signals in groups into 
the computer memory store 53 then by applying 
suitable software comparisons may be made with 
other data held in memory corresponding to tubular 
diameters and allowable tolerances. A comparative 
analysis process is effected whereby if there is no 
recognisable deformation, damage or restrictions, 
and there is no secondary action from the com- 
puter. If on the other hand, there is no direct match 
or outside tolerance variation is detected, there is 
secondary action which could take numerous 
forms; for example if incoming memory data does 
not correspond with resident, predetermined mem- 
ory data, then an automatic alarm 55 sequence can 
be provided which stops the cable winch lifting the 
body and provides an audible and visual alarm 
signal to an operator. The monitor could, only at 
that time, be activated and the computer instructed 
by menu programme to return the body to, say, 2 
feet (61cm) below the error indication point, then 
slowly traverse the area with the body and con- 
stantly view the traversed area with the monitor, or 
at predetermined steps of desired distance, and 
utilise the computer to provide graphic or other 
type error readings. Such re-running can be re- 
peated a number of times or recorded, or actioned 
in any manner required by the operator or the field 
supervisor or as may be directed by production 
company staff. 

By the use of the above described apparatus, 
smaller diameter tubular members may be inspect- 
ed without loss of function or capability over the 
apparatus described in US-A-4,800,104 in that with 
the present invention diameters up to about 18 
inches (45.7 cm) may be inspected whereas in the 
said U.S.A. patent only tubulars over about 30 
inches (76 cm) could be inspected. 

As described above, the pressure vessel 17 
may be used for carrying inert gas but the vessel 
17 is only used where the body is required to 
operate in a tubular member containing fluid such 
as liquid. In a feature of this invention, tubular 
members containing fluids of various types may be 



inspected. Certain types of low concentrate saline 
solutions found in wells can be adquately inspected 
with the apparatus described in the prior art refer- 
ence US-A-4,800,104, but upper well fluids could, 

5 possibly, not be inspected. The apparatus now 
disclosed is intended to provide a satisfactory 
means for inspection irrespective of which type of 
fluid is present in the tubular member and this 
object is achieved by creating a clear inert gas 

70 bubble which eliminates fluid between the body 
viewing window and the tubular member internal 
wall. 

There are a number of ways in which such a 
bubble may be formed, for example, inert gas can 

75 be fed to an expandable bladder which is then 
pressurised to ride on the tubular wall to act as a 
seal, then inert gas may be fed under the seal to 
create a fluid-free bubble around the viewing port, 
the inert gas being fed from either a pressure 

20 vessel on the pig or by tubing line from the well 
head. 

Referring to Figure 4(a), the apparatus is 
shown in the configuration it would adopt when 
entering a tubular member and Figure 4(b) shows 

25 the configuration the apparatus would adopt when 
being raised from a tubular member. The appara- 
tus is generally the same as that described above 
with reference to Figures 1-3 and only the addi- 
tional integers will be described. A plurality of wire 

30 spring fingers 18 are pivotally and equi-circum- 
ferentially disposed about the body 1 and support 
a circumferential membrane 19, the upper end of 
the spring fingers 18, as well as an upper end of 
the membrane 19 being attached to a support ring 

35 20 which is secured to the body 1 above the 
window 2. A plurality of axially extending and cir- 
cumferentially disposed shafts 21 are located about 
the body 1 above the ring 20 and the shafts are 
attached to an opening cam/wiper 29 (shown in 

40 Figure 5) which is located between the membrane 
19 and spring fingers 18 and the body 1. The 
opposite ends of the shafts 21 are fixedly secured 
to a ring 22 which is capable of sliding movement 
axially along the body 1 and the ring 22 is attached 

45 to rams 23 of two pneumatic, alternatively, hydrau- 
lic, cylinders 24 mounted on the body 1. A power 
feed pipe 25 is connected to the front of cylinder 
24 so that pressure in the feed pipe 25 is able to 
force the piston within the cylinder upwardly to 

50 thereby move piston 23 and hence ring 22 and 
shafts 21 upwardly (as viewed in Figures 4(a) and 
4(b). 

An inert gas feed pipe 27 passes along the 
length of the body to pass under rings 22 and 20 
55 and under the membrane 19. A control box 28 for 
activation of cylinder 24 and gas through pipe 27 is 
provided at the top end of the body 1. The Figure 
5 shows in greater detail how the membrane 19 is 
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expanded. In this respect, the cam rise ring 29 
having a torroidal cross-section is located about the 
body 1 and window 2. The ring 29 has, on the 
radial inside surface thereof, a strip of static-resis- 
tant, flexible wiper blade rubber or artificial hair 5 
material which acts as a wiper for the viewing 
window 2. The ring 29 is connected to shafts 21 to 
be axially movable with ram 23, ring 22 and shafts 
21. The shafts 21 pass through the gland bushes 
30 for permitting the shafts 21 to move axially io 
without entry of liquids and with minimal loss of 
inert gas that is in operation produced beneath the 
membrane 19. A tough flexible seal strip 31 is 
located on the lower outermost radial portion of the 
fingers 18 when expanded so as to abrade the 75 
tubular member internal wall and to form an effec- 
tive precious seal between the membrane and the 
inner tubular wall. 

In operation, the apparatus in the configuration 
shown in Figure 4(a) is lowered by cable to the 20 
desired depth in the well. A wire line is used which 
may be a coiled tube type capable of carrying 
pressurised inert gas to the body from the well 
head or, alternatively, it may carry hydraulic pres- 
sure or, in another alternative, two independent 25 
wire lines, one of armoured tube for pneumatics or 
hydraulics and the other for electrical power and 
signals may be provided. The membrane closed 
position of the spring fingers 18 and ring 29 is 
shown by broken lines in Figure 5. When at a 30 
desired depth the control 28 is activated to raise 
the piston within cylinder 24 which thereby lifts ram 
23, ring 22, shafts 21 and cam/wiper ring 29. The 
ring 29 when lowered into the well is positioned 
downhole with respect to the window 2. Upon rais- 35 
ing the ring 29 so the window is cleaned by the 
material on the inner surface of the ring as the ring 
is raised and inert gas is then fed via feed tube 27 
into the underside of membrane 19. As the gas 
pressure is increased, any other liquid or solution 40 
is pressed downwards away from the membrane. 
Limit stops, not shown, in support ring 20 prevent 
the fingers 18 from folding upwardly, as does the 
weight of the membrane, although the limit stops 
are intended as a safety feature since the action of 45 
sealing the membrane against the internal circum- 
ference of the tubular member to be inspected by 
the seal strip 31 should, in normal circumstances, 
limit the upward , opening , extent of the mem- 
brane and fingers 18. Once the membrane is fully so 
open and sealed against the inside circumference 
of the tubular member to be inspected, the ring 29 
may be reactivated to return downwardly, again 
wiping the window 2. The gas bubble is arranged 
to cover the window 2 so that the energy beam has 55 
a clear passage from the window 2 to the interior 
surface of the tubular member back through the 
window onto the camera pixel array. The camera 



and other systems are now operated and the body 
is winched upwardly for inspection of the internal 
circumference of the tubular member to commence 
as described hereinbefore. Because the gas bubble 
is capable of compression, any tendency for surg- 
ing within the well will compress the bubble and 
any tendency for the body to lose regular with- 
drawal speed is reduced unlike a prior art calliper 
which has no shock absorbency. 

Because there may be a column of liquid 
above the body and bubble which is, of course, 
non-compressible, a bleed for that liquid must be 
provided at the well head. The bleed rate requires 
to be calculated relative to the speed of the body 
and rate of inspection required, the type of liquid 
being displaced and a balance with any upward 
pressure from the well. As the body approaches 
the well head so the bubble will enlarge due to 
pressure decrease, thereby further acting as an 
absorber for well surges. As the well head is ap- 
proached, a relief valve (not shown) in control 28 is 
activated allowing the inert gas to pass from below 
the membrane 19 to above it, the cam/wiper ring 
29 is moved to position over the viewing window 2 
and the spring wire fingers then being free of gas 
pressure close the membrane 19 to facilitate with- 
drawal. 

In a device capable of running in both dry or 
fluid filled tubular members, members 18-24 are 
removable and plugs made available for members 
25 - 27 to enable the body to run with or without 
the gas bubble formation capability. 

Claims 

1. An inspection apparatus for the internal inspec- 
tion of a tubular member (100) including a 
body (1) having an inspection window (2), said 
body being adapted for insertion into said tu- 
bular member (100), projection means (9, 10, 
13, 14) for projecting a beam of radiant energy 
through said window (2) to illuminate an axially 
by extending strip of the entire interior circum- 
ference (C) of said tubular member, charac- 
terised by means (8, 11, 12, 16, 51-54) ar- 
ranged to correlate reflected energy (B) from 
the window (2) with reflected energy (C) from 
the interior surfaces of the tubular member 
(100) for determining damage of said tubular 
interior surface. 

2. An inspection apparatus as claimed in claim 1 
wherein the projection means includes a light 
energy source (14) arranged to direct a beam 
onto a rotatable reflective member (9) which 
reflective member (9) is arranged to illuminate 
the entire 360' internal circumference of the 
tubular member (100) being inspected. 
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3. An inspection apparatus as claimed in claim 2 
wherein the light beam from the source (14) is 
spaced from the rotatable reflective member 
(9) by the intermediary of a camera means 
(12) and the light beam from the source (14) is 
transmittable around the camera means (12) 
by an arrangement of light beam reflectors (1 3, 
10) onto the rotatable reflective member (9). 

4. An inspection apparatus as claimed in claims 2 
or 3 wherein the rotatable reflective member 
(9) is arranged to be driven by a motor (7). 

5. An apparatus as claimed in claim 4 wherein 
radiant energy reflected from the window (2) 
and the interior surface of the tubular member 
(100) to be inspected is arranged to be fo- 
cused at the camera means (1 2). 

6. An inspection apparatus as claimed in any 
preceding claim wherein the correlation means 
includes a computer (52) having a memory 
store (53) in which is located predetermined 
data and said computer is arranged to com- 
pare the data received from a transmitting 
means (16) located within the body (1) and to 
provide an output signal indicative of said com- 
parison for display on a monitor (51). 

7. An inspection apparatus as claimed in claim 6 
wherein when the computer (52) determines 
that damage has occurred to the tubular mem- 
ber being inspected then said computer ac- 
tivates an alarm (55). 

8. An inspection apparatus as claimed in any 
preceding claim wherein means (3) are pro- 
vided for centralising said body (1) within said 
tubular member. 

9. An inspection apparatus as claimed in any 
preceding claim wherein cleaning means (29) 
are provided for cleaning the outer surface of 
the window (2) and means for defining an 
expandable diaphragm (18. 19) are located ar- 
ound said body (1), said expandable dia- 
phragm being capable of opening above said 
window and means (21-28) being provided for 
introducing a gas bubble over the exterior sur- 
face of said window, which gas bubble may be 
restrained by said diaphragm, whereby, in op- 
eration, the diaphragm is expanded to contact 
the interior surface of said tubular member 
(100), a gas bubble is formed over said win- 
dow (2) and said window is cleaned by said 
wiper means (29) prior to actuating the projec- 
tion means and the correlation means. 
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10. An inspection apparatus as claimed in claim 9 
wherein the cleaning means comprises a recip- 
rocal wiper means (29). 

11. An apparatus as claimed in claim 10 wherein 
the wiper means is actuable by a hydraulic or 
pneumatically drivable ram means (21-24) and 
said wiper means is adapted to open said 
expandable diaphragm. 



12. An inspection apparatus as claimed in claim 11 
wherein the expandable diaphragm (1 9) is 
mounted on pivotable spring fingers (18), said 
spring fingers being arranged to be opened 

75 and closed by said reciprocal wiper means 

(29) and said spring fingers being circumferen- 
tially disposed about said window (2), said 
spring fingers having a radially outer portion 
thereof provided with sealing means (31) 

20 adapted to engage with a 360° circumference 

of the tubular member to be inspected. 

Pate ntansprU che 



Untersuchungsvorrichtung zur inneren Untersu- 
chung eines Rohrelements (100), mit einem 
Korper (1), welcher ein Kontrollfenster (2) auf- 
weist, wobei der Korper zur Einfuhrung in das 
Rohrelement (100) geeignet ist; einer Projek- 
tionseinrichtung (9, 10, 13, 14) zur Projizierung 
eines Strahlungsenergiestrahls durch das Fen- 
ster (2), um einen sich axial erstreckenden 
Streifen des gesamten Innenumfangs (C) des 
Rohrelementes zu beleuchten, gekennzeichnet 
durch Einrichtungen (8, 11, 12, 16, 51-54), die 
so angeordnet sind, daB sie die von dem Fen- 
ster (2) reflektierte Energie (B) in Korrelation 
mit der von den Innenoberflachen des Rohrele- 
ments (100) reflektierten Energie (C) bringen, 
um so eine Beschadigung der Innenoberflache 
des Rohres bestimmen zu konnen. 

Untersuchungsvorrichtung nach Anspruch 1, 
dadurch gekennzeichnet, daB die Projektions- 
einrichtung eine Lichtenergiequelle (14) um- 
faBt, die so angeordnet ist, daB sie einen Strahl 
auf ein drehbares, reflektierendes Element (9) 
richtet, wobei dieses reflektierende Element (9) 
so angeordnet ist, daB es die gesamten 360* 
des Innenumfangs des zu untersuchenden 
Rohrelementes (100) beleuchtet. 



3. Untersuchungsvorrichtung nach Anspruch 2, 
dadurch gekennzeichnet, daB der Lichtstrahl 
55 von der Quelle (14) durch das Zwischenstuck 

einer Kameraeinrichtung (12) zu dem drehba- 
ren, reflektierenden Element (9) mit Abstand 
ausgerichtet ist, und wobei der Lichtstrahl von 
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der Quelle (14) durch eine Anordnung von 
Lichtstrahlreflektoren (13, 10) urn die Kamera- 
einrichtung (12) herum auf das drehbare, re- 
flektierende Element (9) Ubertragbar ist. 

4. Untersuchungsvorrichtung nach Anspruch 2 
oder 3, dadurch gekennzeichnet, daB das dreh- 
bare, reflektierende Element (9) so angeordnet 
1st, dafi es von einem Motor (7) angetrieben 
wird. 

5. Vorrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB von dem Fenster (2) und der 
Innenoberflache des zu untersuchenden Roh- 
relements (100) reflektierte Strahlungsenergie 
so gerichtet ist, daB sie an der Kameraeinrich- 
tung (12) fokussiert wird. 

6. Untersuchungsvorrichtung nach einem der vor- 
stehenden Anspruche, dadurch gekennzeich- 
net, daB die Korrelationseinrichtung einen 
Computer (52) mit Speicher (53) umfaBt, in 
welchem sich vorbestimmte Daten befinden, 
und wobei der Computer so ausgerichtet ist, 
daB er von einer Ubertragungseinrichtung (16), 
die die sich in dem Korper (1) befindet, emp- 
fangene Daten vergleicht und dabei ein Aus- 
gangssignal des Vergleichs zur Anzeige auf 
einem Monitor vorsieht. 

7. Untersuchungsvorrichtung nach Anspruch 6, 
dadurch gekennzeichnet, daB der Computer ei- 
nen Alarm (55) auslost, wenn der Computer 
feststellt, daB an dem zu untersuchenden Roh- 
relement eine Beschadigung aufgetreten ist. 

8. Untersuchungsvorrichtung nach einem der vor- 
stehenden Anspruche, dadurch gekennzeich- 
net, daB Einrichtungen (3) zur Zentralisierung 
des Korpers (1) in dem Rohrelement vorgese- 
hen sind. 

9. Untersuchungsvorrichtung nach einem der vor- 
stehenden AnsprOche, dadurch gekennzeich- 
net, daB Reinigungseinrichtungen (29) zur Rei- 
nigung der AuBenoberflache des Fensters (2) 
vorgesehen sind, und wobei sich Einrichtungen 
zur Definition eines dehnbaren Diaphragmas 
(18, 19) urn den Korper (1) herum befinden, 
wobei das dehnbare Diaphragma oberhalb des 
Fensters geoffnet werden kann, und wobei Ein- 
richtungen (21-28) zur Einfuhrung einer Gas- 
blase uber die AuBenoberflache des Fensters 
vorgesehen sind, wobei die Gasblase durch 
das Diaphragma zuruckgehalten werden kann, 
wodurch sich das Diaphragma bei der Anwen- 
dung ausdehnt und die Innenoberflache des 
Rohrelements (100) beruhrt, wobei uber dem 



Fenster (2) eine Gasblase gebildet wird, und 
wobei das Fenster vor der Betatigung der Pro- 
jektionseinrichtung und der Korrelationseinrich- 
tung durch die Wischereinrichtung (29) gerei- 
5 nigt wird. 

10. Untersuchungsvorrichtung nach Anspruch 9, 
dadurch gekennzeichnet, daB die Reinigungs- 
einrichtung eine reziproke Wischereinrichtung 

w (29) umfaBt. 

11. Vorrichtung nach Anspruch 10, dadurch ge- 
kennzeichnet, daB die Wischereinrichtung 
durch eine hydraulisch oder pneumatisch be- 

75 triebene Plungereinrichtung (21-24) betatigt 

werden kann, und wobei die Wischereinrich- 
tung das dehnbare Diaphragma offnen kann. 

12. Untersuchungsvorrichtung nach Anspruch 11, 
20 dadurch gekennzeichnet, daB das dehnbare 

Diaphragma (1 9) an drehbaren PreBfingern (1 8) 
angebracht ist, wobei die PreBfinger so ange- 
ordnet sind, daB sie durch die reziproke Wi- 
schereinrichtung (29) geoffnet und geschlos- 

25 sen werden, und wobei sich die PreBfinger 

umfanglich um das Fenster (2) herum befin- 
den, wobei die PreBfinger ein radial auBeres 
Teilstuck aufweisen, welches mit einer Dich- 
tungseinrichtung (31) versehen ist, welche mit 

30 einem Umfang von 360* des zu untersuchen- 

den Rohrelements eingreift. 

Revendications 

35 1. Dispositif d'inspection pour ^inspection interne 
d'un element tubulaire (100) comprenant un 
corps (1) pr£sentant une fenetre d T inspection 
(2), ledit corps etant congu pour etre insere 
dans re" lament tubulaire (100), des moyens de 

40 projection (9, 10, 13, 14) pour projeter un fais- 

ceau d'energie rayon nante a travers ladite fe- 
netre (2) afin d'illuminer une bande, s'etendant 
axialement, de la totalite de la circonference 
inteVieure (C) dudit element tubulaire, caracteri- 

45 se par des moyens (8, 11, 12, 16, 51 a 54) 

concus pour correler Tenergie refl§chie (B) 
provenant de Ja fenetre (2) avec Tenergie refle- 
chie (C) provenant des surfaces interieures de 
I'elSment tubulaire (100) pour determiner I'en- 

so dommagement de ladite surface interieure tu- 

bulaire. 

2. Dispositif d'inspection selon la revendication 1 , 
dans lequel les moyens de projection com- 
55 prennent une source d'energie lumineuse (14) 

prevue pour diriger un faisceau sur un element 
reflecteur rotatif (9), lequel element reflecteur 
rotatif (9) est dispose* de facon a illuminer la 
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totality de ia circonfe>ence interne de 360° de 
('element tubulaire (100) inspecte. 

3- Dispositif d'inspection selon la revendlcation 2, 
dans lequel le faisceau iumineux de la source 
(14) est espace de I'elSment reflecteur rotatif 
(9) par I'intermediaire d'un moyen a camera 
(12) et le faisceau Iumineux issu de la source 
(14) peut etre transmis autour du moyen a 
camera (12) par un agencement de reflecteurs 
(13, 10) de faisceau Iumineux sur I'6l6ment 
reflecteur rotatif (9). 

4. Dispositif d'inspection selon les revendications 
2 ou 3, dans lequel I'element reflecteur rotatif 
(9) est congu pour etre entratne par un moteur 
(7). 

5. Dispositif d'inspection selon la revendlcation 4, 
dans lequel I'energie rayonnante refl^chie pro- 
venant de la fenetre (2) et de la surface inte- 
rieure de {'element tubulaire (100) a inspecter 
est prevue pour etre focalisee au niveau du 
moyen a camera (12). 

6. Dispositif d'inspection selon Tune quelconque 
des revendications pr§c§dentes, dans lequel 
les moyens de correlation comprennent un or- 
dinateur (52) comprenant une memoire de 
stockage (53) dans laquelle sont situ^es des 
donnees predeterminees et ledit ordinateur est 
congu pour comparer les donnees regues en 
provenance d'un moyen de transmission (16) 
situ£ a I'inteVieur du corps (1) et pour produire 
un signal de sortie representatif de ladite com- 
parison pour I'affichage sur un moniteur (51 ). 



exteVieure de ladite fenetre, laquelle bulie de 
gaz peut etre retenue par ledit diaphragme, 
moyennant quoi, en fonctionnement, le diaph- 
grame se dilate pour entrer en contact avec la 

5 surface interieure dudit element tubulaire 

(100), une bulle de gaz est formSe audessus 
de ladite fen§tre (2) et ladite fenetre est net- 
toy§e par lesdits moyens de nettoyage (29) 
avant action nement des moyens de projection 

70 et des moyens de correlation. 

10. Dispositif d'inspection selon la revendication 9, 
dans lequel les moyens de nettoyage com- 
prennent des moyens de nettoyage recipro- 

15 ques (29). 

11. Dispositif d'inspection selon la revendication 

10, dans lequel les moyens de nettoyage peu- 
vent etre actionnes par un moyen de belier (21 

20 a 24) hydraulique ou commandable pneumati- 

quement et lesdits moyens de nettoyage sont 
congus pour ouvrir ledit diaphragme extensi- 
ble. 

25 12. Dispositif d'inspection selon la revendication 

11, dans lequel le diaphragme extensible (19) 
est monti sur des doigts elastiques pivotants 
(18), lesdits doigts elastiques etant congus 
pour etre ouverts et fermes par lesdits moyens 

30 de nettoyage re"ciproques (29) et lesdits doigts 

elastiques etant disposes circonferentiellement 
autour de ladite fenetre (2), une partie radiale- 
ment exterieure desdits doigts elastiques etant 
munie de moyens d'obturation (31) prevus 

35 pour venir en prise avec une circonference de 

360 • de I'element tubulaire a inspecter. 



7. Dispositif d'inspection selon la revendication 6, 
dans lequel quand I'ordinateur (52) determine 
que I'element tubulaire inspecte a ete endom- 40 
mage", alors ledit ordinateur active une alarme 
(55). 



a Dispositif d'inspection selon Tune quelconque 

des revendications precedentes, dans lequel 45 
des moyens (3) sont prevus pour centrer ledit 
corps (1) a I'interieur dudit element tubulaire. 



9. Dispositif d'inspection selon I'une quelconque 

des revendications precedentes, dans lequel 50 
des moyens de nettoyage (29) sont preVus 
pour nettoyer la surface exterieure de la fene- 
tre (2) et des moyens pour delimiter un diaph- 
ragme extensible (18, 19) sont situes autour 
dudit corps (1), ledit diaphragme extensible 55 
pouvant s'ouvrir au-dessus de ladite fenetre et 
des moyens (21 a 28) etant prevus pour intro- 
duce une bulle de gaz au-dessus de la surface 
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Fig. Kb) 
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